This study aims to compare the growth attributes and water relationship of two-forage legume plants: a crop plant, Medicago sativa (L.) cv. Gabès, and a wild plant, Astragalus gombiformis (Pom.), under drought-stress conditions. Water deficit stress was imposed at 40% and 70% of field capacity (FC) from 60 to 90 days after sowing, while the control pots were maintained at 100% FC throughout the period of entire growth. The results showed that the high potentialities of growth in both species were recorded for control plants. Water deficit reduced growth (whole plant biomass, leaf number, stem elongation rate and shoot relative growth rate) and decreased shoot/root ratio. After 30 days of water deficit stress, the leaf relative water content (RWC) and the water potential (Ψ w ) evolved in such a way and decreased significantly as water stress was intensified. The lowest level of transpiration rate of the most stressed plants may be explained by the lowering of leaf RWC. Under such conditions, the water use efficiency of wild plants was more pronounced than alfalfa plants. It can be concluded that A. gombiformis manifested the best morpho-physiological traits of adaptation to moisture stress when compared to M. sativa. This wild plant appears to be more tolerance to water stress than that cultivated, therefore a possibility of exploitation of this species.
Introduction
Tunisia occupies an area of about 164,000 km 2 (32-38°N, 7-12°E), three quarters of which are arid and desert regions (Le Houérou, 1959) characterised by low rainfall, high evapotranspiration, high temperature and desiccating winds. Among 2250 species that compose its vascular flora (Cuénod et al., 1954; Pottier-Alapetite, 1979 , 1981 Le Houérou, 1995) , 1630 species belong to the steppic zone (Le Houérou, 1995) . One of the promising options for the use of this diversity is to use legumes that have multiple functions in the ecosystem. Several wild species are potentially interesting associated to their economic and ecological interests which they present, including Astragalus gombiformis (Pom.).
Astragalus gombiformis, a wild psammophytic species in the family of Fabaceae (Chaieb and Boukhris, 1998) , is widely distributed in Tunisian arid zone (Porttier-Alapetite, 1979) . It is a forage legume plant, well adapted to arid conditions, namely to sandy soils and widely consumed by the dromedary (Chaieb and Boukhris, 1998) . Up till now there has been little experimental research with A. gombiformis, but knowledge about its growth and physiological attributes in response to moisture stress might be important characterizing this desert plant ecologically.
Furthermore, the water deficit, permanent or temporary, limited growth and distribution of the natural vegetation and the performance of plants more than other environmental factors The tolerance of plants to water limited conditions is a complex phenomenon that involves specific morphological and developmental mechanisms with physiological and biochemical change. This tolerance is observed at all the vegetable species, but its magnitude varies from a species to another. Plant water status and transpiration, while acting on the growth and development, may be involved in determining the yield of biomass and grain of species. Changes in water characteristics of a plant reflect its water status and its ability to incorporate water, particularly under drought stress (Radhouane, 2008) . In dry conditions, the decrease in water potential (Ψ w ) of plants induces an important loss of leaf turgescence (Boyer, 1982; Sorrells et al., 2000) . The maintenance of high water potential was associated to the ability of plants to take water from the soil and their capacity to limit water loss through transpiration (Turner, 1986) . The wateruse efficiency (WUE) is a kind of trait that can contribute to crop productivity when water resources are scarce (Wright et al., 1994) . Lowering the vapour pressure, air around the leaves increases the rate of transpiration (Angus and van Herwaarden, 2001 ). Moreover, the stomata are closed and there will be a lowering of the leaf Ψ w . Unless some compensation closure of stomata occurs, lower humidity will decrease the WUE (Hsiao et al., 2007) .
Moisture stress is reflected by problems in agricultural and ecological levels. It is therefore important to search for plants adapted to drought and able to produce high biomass or grain yield under water deficit conditions. Understanding adaptive mechanisms to moisture stress is necessary to guide the search of cultivated species or varieties less demanding water. In addition, the study of physiological attributes altered by water deficit for understanding the behavior of species able to develop in arid and semi-arid regions and to consider a better rehabilitation of lands by these species as well as an optimal valorization for different purposes of plants subjected to this constraint. This work aims to compare the growth and water relationships of two-forage legume plants: a crop plant, Medicago sativa (L.) cv. Gabès (alfalfa), and a wild plant, A. gombiformis (Pom.), largely widespread in the arid and desert regions of Tunisia, M. Gorai et al. under drought-stress conditions. We tried to identify possible morpho-physiological criteria for assessing the degree of tolerance of A. gombiformis under water limitation when compared to the alfalfa, for its assay of introduction into the farming techniques in arid and semi-arid regions.
Material and methods Plant material and growth conditions
Seeds of both species were provided by the seed bank of the Institut des Régions Arides (IRA), Médenine, Tunisia. The experiments were conducted at the Laboratoire d'Ecologie Pastorale, IRA, Médenine, Tunisia. Seeds were surface sterilized in 0.58% sodium hypochlorite solution for one minute with frequent shaking and subsequently washed with tap water. The experiments were carried out in plastic pots by gravimetric method. The weight of the empty pots (1-L) were recorded and filled with a uniform soil mixture containing sandy soil: organic matter (terreaux professionnels Agrofino) in 1/3:2/3 ratio. Pot culture studies were conducted to measure the WUE and other related parameters more precisely under the different moisture levels. Five seeds were planted in each pot and watered to FC to facilitate germination. On the 30 days after emergence, the seedlings were thinned to one uniform plant per pot. Seedlings were grown in a growth chamber as follows: 25°C±1°C temperature, 40% day and 75% night relative humidity and 16 h light/8 h dark regime, and 250 µmol m -2 s -1 photosynthetic active radiation (PAR).
Water deficit treatment
Individual plants presenting homogeneous development and size were selected for this study. The experiment was arranged in a completely random design (CRD) with four replicates for three water supply regimes: 100, 70 and 40% FC. Treatments were imposed from the 60 to the 90 days. Water loss was determined by weighing the pots daily using an electronic weighing device. Regular weightings enabled to restore the moisture of soil with rain water at 40%, 70%, and 100% FC. Each treatment pot was paired with a pot without a seedling that served as a control to correct soil evaporation when determining WUE.
Measurements and calculations
Plants were harvested at the beginning of the treatment (initial harvest) and after 15 and 30 days (final harvest) throughout each watering regime. The stem elongation rate (SER), was calculated as SER = ∆L/∆t, where ∆L is the difference between final and initial length value an ∆t is the duration of watering regime (Ramesh, 2000) . Fresh weight (FW) and dry weight (DW) of shoots and roots of each plant (four per treatment) were determined after counting the leaf number (LN). The dry matter weights of plants were measured after oven drying at 60°C for 48 h. The relative growth rate (RGR) based on shoot dry weight production, was calculated as RGR = [ln (W 2 ) -ln (W 1 )]/(t 2 -t 1 ), where W is the dry matter at the beginning (W 1 ) and the end (W 2 ) of the 15 and 30 days treatment period, and (t 2 -t 1 ) is the duration of this period (Hunt, 1990) .
Leaf relative water content (RWC) was estimated by recording the turgid weight (TW) of fresh leaf samples by keeping them in distilled water in Petri dishes for 24 h at 4°C in darkness, followed by oven dry for 48 h at 60°C for dry weight measurement. Leaf RWC was calculated as RWC (%) = (FW-DW)/(TW-DW)×100 (Jeon et al., 2006) .
Leaf and stem Ψ w were measured, respectively, for A. gombiformis and M. sativa using a pressure chamber (PMS Instrument Co., Corvallis, Oregon, USA), according to Sholander et al. (1965) .
WUE for each seedling was determined by the ratio of dry mass production to water transpired during the experiment (Wu et al., 2008) . The biomass accumulated during the treatment period (60 and 90 days) was computed as the difference in the initial and final dry matter and expressed as g plant −1 for WUE calculation.
While calculating the cumulative water transpired (CWT) during the experiment, evaporative loss from the pots was taken into account by subtracting the average amount of water loss from the control pots without plants from each watering treatment.
Statistical analysis
Statistical analyses, including test for homogeneity of variance, were analysed using SPSS for Windows, version 11.5. The experimental data were analysed with a oneway ANOVA to determine if significant differences were present among means. Duncan's Multiple Range Test (DMRT) was carried out to determine if significant (P < 0.05) differences occurred between individual treatments.
Results

Growth attributes
In both species, the high potentialities of growth were recorded for control plants (Figure 1a ). Among these species, A. gombiformis had a reduced dry matter. After 30 days of water deficit stress, the dry matter production of plants watered with 40% FC decreased significantly by 51% and 41%, as compared to control plants for M. sativa and A. gombiformis, respectively. The alfalfa was more sensitive to moisture stress than the wild species as indicated by the reduced LN at the end of experiment (Table 1) . Thus, plants receiving a water regime of 100% FC have the highest number of leaves for M. sativa (94) and A. gombiformis (17). After 30 days of water deficit stress, the LN of M. sativa plants decreased as the stress was intensified, while A. gombiformis plants did not vary significantly, as compared to controls. Water deficit at 70% and 40% FC decreased significantly the shoot RGR and SER in both species when compared to controls (100% FC) during 30 days of drought-stressed conditions (Table 1) . Shoot/root dry matter ratio was significantly lower in both species subjected to water deficit stress than in controls (Figure 1b) . ) and (b) shoot/root DW ratio of Medicago sativa and Astragalus gombiformis when 2-month old plants were subjected for 15 and 30 days (DAS) to 100%, 70% or 40% field capacity (FC). Different letters above bars are significantly different at the P = 0.05 level for the given watering regime (mean ± 95% confidence limits, n = 4). Figure 2a shows the changes in the leaf relative water content along with increase in water deficit stress. The leaf RWC decreased significantly in both species as water regime was intensified. This depressive effect was more pronounced with treatment duration. Water deficit at 40% FC decreased RWC on 30 days when compared to control reaching approximately 80% and 79% in M. sativa and A. gombiformis, respectively. The Ψ w was significantly lower in plants subjected to water deficit stress than in controls ( Figure  2b ). Means within a line followed by the same letter are not significantly different at the P = 0.05 level for the given watering regime (mean ± 95% confidence limits, n = 4).
Water relationships
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Water deficit at 40% FC decreased the Ψ w in both species reaching the most negative values. With the same watering regime, the Ψ w attained -1.9 MPa and -1.4
MPa during 30 days of water deficit stress for M. sativa and A. gombiformis, respectively. The CWT level decreased in both species under drought-stress conditions (Figure 2c ). Among the species, A. gombiformis showed a lower transpiration rate and it was 42.89% of that of the control plants. A higher level of transpiration rate occurred in M. sativa was 46.76% of that of the control plants after 30 days of watering regime with 40% FC. WUE levels of both species were inversely proportional to increase in drought stress and duration (Figure 2d) 
Correlations
As shown in Table 2 , the correlation coefficients between the various studied physiological functions were analysed using linear regressions between the corresponding parameters associated two by two. Highly significant positive correlations were identified between the whole plant dry weight (DW plant -1 ) and all water relation parameters (RWC, Ψ w , WUE, and CWT) of M. sativa plants, when exposed to drought stress condition. The whole plant dry weight of A. gombiformis had a significant correlation with Ψ w (R 2 = 0.68) and CWT (R 2 = 0.79) but its relationship with RWC (R 2 = 0.52) and WUE (R 2 = 0.44) was no significant (Table  2) .
Discussion
The results from this study indicated that water deficit stress reduced the growth of both species by restricting leaf formation. In 30-days water-stressed plants with 40% FC, the whole plant biomass was reduced by 50.72 and 44.59% of the controls for M. sativa and A. gombiformis, respectively. Among these species, A. gombiformis had the reduced LN and it was declined by 11.76% of the controls. Our results were also in accordance with this theory. It was shown (Smit and Singels, 2006 ) that reducing the number of leaves is a consequence of the increase in leaf senescence and restricting leaf formation. These results are corroborated by those of Inman-Bamber and Smith (2005). In the same context, Liu and Stützel (2004) showed that reduced LN and leaf area was a drought avoidance strategy for the seedlings by reducing transpiration. Our data showed that at the end of experimental period, severe water stress significantly declined the plant height and stem elongation rate as compared to controls by 14.81 and 68.67% in M. sativa and by 19.91 and 36% in A. gombiformis, respectively. Similar effects were observed in other legume species such as Arachis hypogaea (Ravindra et al., 1990) .
Water stress has not affected, in a similar way, the different parts of both species. Indeed, root dry weight under water limitation was less affected than shoot. These observations confirm those of Matthias and Smith (1997) and Baï and Li (2003) . On the contrary, under water stress A. gombiformis developed more roots. This tendency indicated greater ability of A. gombiformis to adapt to moisture stress than M. sativa. One of the major consequences of these morphological changes is the decrease in the dry matter production of these legumes plants. Similar results were reported by Nautiyal et al. (2002) and Bhatt and Rao (2005) . In accordance with this it was shown (Singh and Singh, 2006) , that Dalbergia sissoo produced less roots under drought.
Water accounts for 85 to 90% on a fresh weight basis of the cell (De Raissac, 1992 ). The precise knowledge of the tissue water status including the leaf apparatus faces multiplicity of parameters. The utilization of leaf RWC as an indicator of the plant water status is usual. Moreover, RWC seems to have a direct physiological significance of the plant water status, in the same way as Ψ w . De Raissac (1992) showed that in the tissues, the symplasmic water section is the component that varies depending on the variation of Ψ w . The relationship is between the Ψ w and the RWC. Our results show that the RWC decreased significantly as water stress intensified. A similar behaviour was observed in Phaseolus vulgaris (Martínez et al., 2007) and M. truncatula (Nunes et al., 2008) .
Our results showed that decreasing watering regime level caused a decline in the Ψ w in both species while observing the lowest values for the most stressed plants.
The correlation coefficient between Ψ w and RWC of both species was significantly high (Table 2 ) suggesting a positive relationship between these two parameters. http://ffa.uaeu.ac.ae/ejfa.shtml The former variable also had a strong relationship between these two parameters. The former variable also had a strong positive relationship with the whole plant dry weight of alfalfa (respectively, R 2 = 0.68 and 0.65, Table 2 ), while the whole plant dry weight of A. gombiformis had a significant correlation with Ψ w (R 2 = 0.68) but its relationship with RWC (R 2 = 0.52) was non-significant.
Our data show that decreasing watering regime caused a significant decline in transpiration rate in both species.
Among the species, A. gombiformis showed a lower level of transpiration rate. The present data agree with findings reported on two varieties of Catharanthus roseus (Jaleel et al., 2008) and six varieties of Abelmoschus esculentus (Sankar et al., 2008) . Correlation analyses revealed positive correlations between CWT and the various studied parameters, with exception of WUE in both studied legumes (Table 2) . Although M. sativa and A. gombifomis showed a significant decline in CWT level under water limitation, these two legumes behaved differently in terms of WUE.
WUE, the functional indicator strongly related to plant growth and health under water deficit condition, is dependent on the amount of water used for growth and biomass production (Liu and Stützel, 2004; Monclus et al., 2006) . Previous studies concluded that WUE decreased under water scarcity and reasoned that plants tended to use water optimally (Martín de Santa Olalla et al., 2004; Clavel et al., 2005) . We observed this in M. sativa. Unlike alfalfa, the WUE of A. gombiformis plants increased as water stress intensified. The increase in this variable was mainly due to a large reduction in transpiration rate at higher water deficit levels. According to Li et al. (2003) , plants having the highest WUE are the most resistant to moisture stress. It can be concluded that A. gombiformis plants is more tolerant to drought stress, as compared to M. sativa plants.
Conclusions
Medicago sativa and A. gombiformis behave differently to drought stress. Limiting water supply decreased the whole plant dry weight, SER, LN, shoot RGR, shoot/root dry weight ratio. All these morphological changes were accompanied by physiological responses which resulted in a decrease in the RWC and Ψ w . In addition, alfalfa and A. gombiformis could keep a high RWC. Both species decreased the CWT as water deficit stress was intensified. This correlated with a low level of the RWC especially for the more stressed plants. Both 
